AD-A217  721 


INSTITUTE  REPORT  NO.  427 


Plasma  Clearance  and  Tissue  Distribution  of  Dextran 
Following  Infusion  of  7.5%  NaC1/6%  Dextran-70 
Euvolemic  and  Hemorrhaged  Rabbits 


Michael  A.  Dubick, 
Barbara  A.  Ryan, 
James  J.  Summary, 
and  Charles  E.  Wade 


Division  of  Military  Trauma  Research 


I 


DTIC 


LETTERMAN  ARMY  INSTITUTE  OF  RESEARCH  PRESIDIO  OF  SAN  FRANCISCO  CALIFORNIA  94129 


DiSTRlBUTlbN  STATEMENT^ 

Approved  for  public  release; 
Distribution  Unlimited 


90  02  06  1  95 


Plasma  Clearance  and  Tissue  Distribution  of  Dextran  Following  Infusion  of  7.5%  NaC1/6% 
Dextran-70  to  Euvolemic  and  Hemorrhaged  Rabbits  (Institute  Report  427)— M.  Dublck,  et  al 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is 
unlimited. 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  to  the  originator. 

Citation  of  trade  names  in  this  report  does  not  constitute  an  official  endorsement  or 
approval  of  the  use  of  such  items. 


The  experimental  studies  of  the  author  described  in  this  report  were  reviewed  and 
approved  by  the  Institutional  Review  Committee/Animal  Care  and  Use  Committee  at 
Letterman  Army  Institute  of  Research.  The  Manuscript  was  peer  reviewed  for 
compliance  prior  to  submission  for  publication,  in  conducting  the  research 
described  here,  the  author  adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  DHEW  Publication  (NIH)  85-23. 


This  material  has  been  reviewed  by  Letterman  Army  Institute  of 
Research  and  there  is  no  objection  to  its  presentation  and/or 
publication.  The  opinions  or  assertions  contained  herein  are  the 
private  views  of  the  author(s)  and  are  not  to  be  construed  as  official 
or  as  reflecting  the  views  of  the  Department  of  the  Army  or  the 
Department  of  Defense.  (AR  360-5) 


Pi 


DONALD  G.  CORBY 
COL,  MC 
Commanding 


(date) 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


'4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
Institute  Report  No.  427 


REPORT  DOCUMENTATION  PAGE 


lb  RESTRICTIVE  MARKINGS 


Form  Approved 
OMB  No.  0704-018B 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release,  Distribution 
is  Unlimited. 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a  NAME  OF  PERFORMING  ORGANIZATION  I  6b.  OFFICE  SYMBOL  |  7a.  NAME  OF  MONITORING  ORGANIZATION 

Of  applicable)  „  „  - - 


MOHIDIIHiai 


Division  of  Military  Trauma 


6c  ADDRESS  {City,  State,  and  ZIP  Code) 

Letterman  Army  Institute  of  Research 
Presidio  of  San  Francisco,  CA  94129-6800 


U.S.  Army  Medical  Research  and 


llllkVdValiliKUiai 


7b.  ADDRESS  {City.  State,  and  ZIP  Code) 
Ft.  Detrick 

Frederick,  MD  21701-5012 


8a.  NAME  OF  FUNDING  /SPONSORING 
ORGANIZATION 


8c  ADDRESS  (City,  State,  and  ZIP  Code) 


8b.  OFFICE  SYMBOL  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable) 


10.  SOURCE  OF  FUNDING  NUMBEnS 


PROGRAM 


PROJECT 

TASK 

WORK  UNIT 

NO. 

NO. 

ACCESSION  NO. 

D836 

AX 

087 

j  63807A 


1 1 .  TITLE  (Include  Security  Classification) 

(U)  Plasma  Clearance  &  Tissue  Distribution  of  Dextran  following  infusion  of  7.52  NaCl/6% 
Dextran- 


12.  PERSONAL  AUTHOR(S) 

M  Cubick,  B  Ryan,  J  Summary,  and  C.  Wade.  _ 


13a.  TYPE  OF  REPORT  1 3b.  TIME  COVERED  1 4.  DATE  OF  REPORT  (Year,  Month,  Day)  15.  PAGE  COUNT 

Institute  from _ TO _  October  1989  22 


KHKrku  PEl  fuu  B  IKnRBSBuRiSSaSEER  ■  X  inxmniil 


COSATI  CODES 


GROUP  SUB-GROUP 


18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 
(U)  Dextran-70,  hypertonic  resuscitation,  hemorrhage, 

rabbits,  liver,  lung,  kidney  (U) 


1  ^ABSTRACT  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Dextran  metabolism  was  evaluated  in  euvolemic  and  hemorrhaged  rabbits 
following  administration  of  a  7.5%  NaCl/6%  Dextran-70  (HSD)  solution. 

Control  rabbits  and  those  bled  8  ml/kg  bodvweight  were  infused  i.v.  with  4 
ml/kg  of  HSD  or  HSD  containing pel /-ml- -of  ^C-Dextran-70.  Blood  samples 
were  withdrawn  prior  to  and  0.17,  0.5,  1,  2,  4,  6,  24,  48,  72  and  96  hours 
after  HSD  infusion.  Although  peak  serum  dextran  concentrations  were  about 
29%  higher  in  hemorrhaged  rabbits  than  in  controls,  in  both  groups  of  rabbits 
dextran  was  cleared  from  serum  with  a  half-life  of  about  7.4  h.  In 
addition,  dextran  was  distributed  throughout  the  blood  volume  and  did  not 
bind  to  serum  proteins.  At  the  end  of  the  96  h  experimental  period, 
concentrations  of  radiolabeled  dextran  were  20-fold  higher  in  liver  from  both 
groups  of  rabbits,  in  comparison  to  spleen,  lung  and  kidney.  The'KMrC-dextran 
in  liver  was  associated  with  the  cytosolic  fraction  and  was  not  associated  , 


20  DISTRIBUTION /AVAILABILITY  OF  A8STRACT 

$SRJnCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  □  OTIC  USERS 


22*.  NAME  OF  RESPONSIBLE  INDIVIDUAL 
COL  Donald  G.  Corby,  MC,  Commanding 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

T7t"i  1  o  o o  i*  f  V  a/J 


22b  TELEPHONE  (Include  Area  Code)  22c.  OFFICE  SYMBOL 

561-3600 


DO  Form  1473.  JUN  86 


Previous  editions  are  obsolete. 


KlRIIlBilM 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


UNCLASSIFIED 


Abstract  (Cont) 

with  any  membrane  structures.  Molecular  weight  distribution  of  the 
serum  dextran  revealed  no  significant  metabolism  over  the  6  h  post¬ 
infusion  period  assayed.  After  96  h,  radiolabeled  dextran  in  liver 
showed  some  degree  of  metabolism  and  dextranase  activity  in  liver 
was  markedly  higher  than  in  the  other  tissues  assayed.  Other  than 
in  the  lung,  no  significant  differences  in  dextranase  activity  were 
observed  between  the  two  groups  of  rabbits.  These  studies  indicate 
that  dextran  infused  as  HSD  does  not  associate  with  any  protein 
fractions,  is  found  only  in  low  concentrations  in  tissue,  and  has  a 
serum  half-life  adequate  to  serve  as  a  useful  plasma  volume 
expander . 


ABSTRACT 


Dextran  metabolism  was  evaluated  in  euvolemic  and 
hemorrhaged  rabbits  following  administration  of  a  7.5% 
NaCl/6%  Dextran-70  (HSD)  solution.  Control  rabbits  and 
those  bled  8  ml/kg  body  weight  were  infused  i.v.  with  4 
ml/kg  of  HSD  or  HSD  containing  1  ^Ci/ml  of  uC-Dextran- 
70.  Blood  samples  were  withdrawn  prior  to  and  0.17, 
0.5,  1,  2,  4,  6,  24,  48,  72  and  96  hours  after  HSD 
infusion.  Although  peak  serum  dextran  concentrations 
were  about  29%  higher  in  hemorrhaged  rabbits  than  in 
controls,  in  both  groups  of  rabbits  dextran  was 
cleared  from  serum  with  a  half-life  of  about  7.4  h.  In 
addition,  dextran  was  distributed  throughout  the  blood 
volume  and  did  not  bind  to  serum  proteins.  At  the  end 
of  the  96  h  experimental  period,  concentrations  of 
radiolabeled  dextran  were  20-fold  higher  in  liver  from 
both  groups  of  rabbits,  in  comparison  to  spleen,  lung 
and  kidney.  The  14C-dextran  in  liver  was  associated 
with  the  cytosolic  fraction  and  was  not  associated  with 
any  membrane  structures.  Molecular  weight  distribution 
of  the  serum  dextran  revealed  no  significant  metabolism 
over  the  6  h  post-infusion  period  assayed.  After  96  h, 
radiolabeled  dextran  in  liver  showed  some  degree  of 
metabolism  and  dextranase  activity  in  liver  was 
markedly  higher  than  in  the  other  tissues  assayed. 

Other  than  in  the  lung,  no  significant  differences  in 
dextranase  activity  were  observed  between  the  two 
groups  of  rabbits.  These  studies  indicate  that  dextran 
infused  as  HSD  does  not  associate  with  any  protein 
fractions,  is  found  only  in  low  concentrations  in 
tissue,  and  has  a  serum  half-life  adequate  to  serve  as 
a  useful  plasma  volume  expander. 
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Plasma  clearance  and  tissue  distribution  of  dextran 
following  infusion  of  7.5%  NaCl/6%  Dextran-70  to 
euvolemic  and  hemorrhaged  rabbits  —  Dubick  et  al. 


INTRODUCTION 

Since  the  introduction  of  dextran  solutions  as 
plasma  volume  expanders  over  40  years  ago,  a  number  of 
studies  have  been  concerned  with  its  metabolic  fate. 
Histological  evaluations  in  laboratory  animals  and 
Korean  battle  casualties  observed  the  primary  tissue 
distribution  sites  of  dextran  to  be  the  kidneys,  liver, 
leukocytes  and  spleen  (1-3) .  Initial  reports  into  the 
clearance  of  intravenously  infused  dextran  solutions 
observed  that  in  normal  children  and  adults,  plasma 
disappearance  and  urinary  excretion  of  dextrans  were 
inversely  proportional  to  their  average  molecular 
weight  (4-8) .  Subsequent  investigation  found  that 
dextrans  were  primarily  excreted  through  the  kidney  (4- 
6) .  Glomerular  filtration  of  dextrans  with  molecular 
weights  >50-60,000  was  very  low  and  dextran  was  neither 
reabsorbed  nor  secreted  by  the  renal  tubules  (4-6,9). 

Previous  studies  with  Dextran-60  in  newborns  and 
young  children  observed  a  plasma  clearance  that 
appeared  biphasic  in  nature,  with  a  half-life  (t1/2)  of 
3  h  in  the  initial  phase,  and  52  h  in  the  second  phase 
(10) .  In  contrast,  Arturson,  et  al.  (4)  reported  a 
serum  t1/2  of  10.7  h  infants  and  6.2  h  in  children.  In 
addition,  31-47%  of  a  dose  of  Dextran-60  or  70  was 
excreted  in  urine  in  the  first  24  h  (7,11-13). 

Despite  a  large  body  of  literature,  few  studies 
have  addressed  dextran  metabolism  in  the  hypovolemic 
states  in  which  it  would  be  employed.  In  a  controlled 
hemorrhage  study  in  humans  (bled  1  liter  over  15  min) , 
no  significant  differences  in  plasma  dextran 
concentrations  or  urinary  dextran  excretion  were 
observed  between  these  individuals  and  their 
normovolemic  counterparts  at  the  times  assayed  (14) . 

In  a  recent  study  with  a  new  hypertonic  saline 
(7. 5%) /Dextran-70  (HSD) ,  Holcroft,  et  al.  (15)  reported 
that  approximately  30%  of  the  dextran  remained  in 
plasma  24  h  following  infusion  of  HSD  to  trauma 
victims,  but  no  controls  were  included  in  this  study 
for  comparison. 

Dextran  preparations  have  varied  over  the  years 
with  regard  to  the  bacterial  strain  synthesizing  the 
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dextran  and  the  narrowing  of  its  molecular  weight  range 
(16) .  Consequently,  variable  results  have  been 
reported  in  experimental  animals  regarding  the  tissue 
distribution  and  metabolism  of  dextran 
(17-21) .  In  addition,  since  Gray  (22)  suggested  that 
dextrans  can  be  metabolized  by  mammals  and  the 
components  utilized,  a  number  of  investigators  have 
reported  the  presence  of  dextranases  in  mammalian 
tissue,  including  human  (23-25) . 

With  a  lack  of  information  concerning  dextran 
metabolism  in  the  hypovolemic  state,  and  renewed 
interest  in  hypertonic  resuscitation  fluids  containing 
Dextran-70,  the  present  study  investigates  dextran 
clearance,  tissue  distribution  and  dextranase  activity 
following  administration  of  HSD  to  both  euvolemic  and 
hemorrhaged  rabbits. 


MATERIALS  and  METHODS 

Animals  and  treatment 

Adult,  female  New  Zealand  white  rabbits  (Elkhorn 
Rabbitry,  Watsonville,  CA)  initially  weighing  2.5  to 
3.5  kg,  were  randomly  assigned  to  either  the  hemorrhage 
(n=10)  or  control  (n=8)  group.  Rabbits  were 
catheterized  via  the  middle  ear  artery  and  in  the 
hemorrhaged  group,  bled  8  ml/kg  body  weight  over  a  15 
min  period  to  mimic  a  moderate  hemorrhage.  After  a  30 
min  stabilization  period,  rabbits  in  both  groups  were 
infused  intravenously  with  4  ml/kg  body  weight  with  the 
HSD  solution  (Lot  No.:  NC  54845)  (AB  Pharmacia, 

Uppsala,  Sweden)  or  the  same  volume  of  HSD  containing  5 
jxCi/kg  carboxyl-uC-Dextran-70  (Lot  No.:  2275-289,  sp. 
act.  0.8  mCi/g) ;  DuPont-New  England  Nuclear,  Boston, 

MA) .  Blood  samples  were  withdrawn  prior  to  and  0.17, 
0.5,  1,  2,  4,  6,  24,  48,  72  and  96  h  after  the  HSD 
infusion.  In  experiments  where  no  radioactive  dextran 
was  infused,  a  blood  sample  was  also  drawn  7  days  after 
HSD  infusion.  After  each  blood  sample,  an  equivalent 
volume  of  saline  was  infused  back  into  the  animal  to 
help  maintain  plasma  volume.  During  the  experimental 
period,  rabbits  were  individually  housed  in  metabolic 
cages.  Serum  samples  were  frozen  at  -20°C  until 
assayed. 

Dextran  Measurements 

Total  carbohydrate  concentrations  in  serum  and 
urine  were  determined  by  the  anthrone  reaction  (26) 
following  precipitation  of  serum  with  10% 
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tricholoacetic  acid  (TCA)  and  oxidation  of  endogenous 
glucose  with  glucose  oxidase  (27) .  The  resultant 
product  represented  dextran  concentrations.  Final 
concentrations  were  corrected  for  hemodilution  induced 
by  HSD  during  the  first  6  h  after  infusion  by 
multiplying  the  concentration  by  the  ratio  of  the 
hemoglobin  concentration  prior  to  and  at  the  specific 
time  after  infusion.  Previous  studies  using  Evan's 
Blue  Dye  to  estimate  plasma  volume  (28)  confirmed  that 
in  both  euvolemic  and  hemorrhaged  rabbits,  plasma 
volume  returned  to  pre-HSD  infusion  levels  by  24  h 
after  its  administration  (data  not  shown) .  In 
addition,  in  the  experiments  employing  KC-dextran,  an 
aliquot  of  serum  and  deproteinized  serum  was  counted 
for  radioactivity  by  liquid  scintillation.  Data  were 
expressed  as  dpm/ml  serum  or  dpm/mg  dextran. 

Gel  Filtration 

Serum  samples  were  deproteinized  with  TCA, 
neutralized  and  the  protein-free  aliquots  applied  to  a 
0.9  x  87  cm  column  of  Sephadex  200/100  equilibrated 
with  0.3%  NaCl  and  eluted  with  the  same  solution  (29). 
Fractions  were  collected  and  assayed  for  anthrone- 
reactive  substances  as  described  above  or  counted  for 
radioactivity  by  liquid  scintillation.  These  studies 
quantitated  the  molecular  weight  distribution  of  the 
dextran  fractions  to  detect  metabolism  of  HSD  following 
its  infusion. 

Tissue  Distribution 

The  tissue  distribution  of  KC-dextran  in  liver, 
lung,  kidney  and  spleen  was  determined  at  the  end  of 
the  96  h  experimental  period.  These  tissues  have  been 
shown  previously  as  primarily  involved  in  dextran 
metabolism  (16-18) .  Tissues  were  oxidized  in  a  Packard 
Tricarb  Oxidizer  (Packard  Instruments,  Downner's  Grove, 
IL)  and  data  expressed  as  dpm/g  tissue.  In  other 
experiments,  the  uptake  and  binding  of  uC-Dextran-70 
to  crude  membrane  fractions  tfere  determined  in  vitro 
with  liver.  Crude  liver  membrane  fractions  were 
prepared  according  to  the  method  of  Dangott,  et  al. 

(30) .  Membranes  were  then  incubated  with  the 
radiolabeled  dextran  in  the  absence  or  presence  of  a 
100  fold  excess  of  cold  Dextran-70,  for  0,  5,  10,  15 
and  30  min.  After  centrifuging  in  a  microfuge,  the 
resultant  pellet  was  washed  4  times  with  saline.  The 
final  pellet  was  resuspended  in  the  membrane  buffer  and 
an  aliquot  counted  for  radioactivity  by  liquid 
scintillation.  In  other  studies,  liver  slices  in  organ 
culture  were  incubated  with  the  radiolabeled  dextran 
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for  0,  15,  30,  60  and  90  min.  Liver  was  then 
homogenized  in  5  volumes  of  0.2  M  Tris-HCl  buffer,  pH 
7.4  and  an  aliquot  of  the  whole  homogenate,  10,000  x  g 
supernatant  (centrifuged  10,000  x  g  for  30  min)  and  the 
resultant  pellet  was  counted  for  radioactivity. 

Protein  was  determined  by  the  method  of  Bradford  (31) 
and  data  expressed  as  dpm/mg  protein  to  evaluate 
dextran  uptake  by  liver. 

Dextranase  Activity 

To  further  evaluate  dextran  metabolism,  dextranase 
(E.C. 3.2. 1.11)  activity  in  liver,  lung,  kidney  and 
spleen  was  determined  at  the  end  of  the  96  h 
experimental  period  according  to  the  method  of  Janson 
and  Porath,  as  described  in  the  Worthington  Manual, 

1988  (Worthington,  Freehold,  NJ) .  Activity  was 
expressed  as  mU/mg  protein. 

Statistical  Analysis 

The  radioisotope  dilution  technique  was  employed 
to  evaluate  pharmacokinetic  parameters  of  HSD 
metabolism  in  both  the  euvolemic  and  hemorrhaged 
rabbits.  The  best-fit  for  uC-Dextran-70  disappearance 
curves  were  plotted  on  a  semilog  scale  and  analyzed  by 
least  squares  non-linear  regression  (32)  to  determine 
half-life  and  apparent  volume  of  distribution.  A  BMDP 
non-linear  regression  program  was  employed  for  kinetic 
analysis  (33) .  The  best  fit  of  the  data  was  described 
by  a  1-compartment  model  defined  by  the  equation: 
Y=Ae"kt,  where  "A"  is  the  amount  of  drug  administered  at 
time  0,  "k"  is  the  rate  constant  of  elimination,  and 
"t"  is  time.  Statistical  comparison  of  the  kinetic 
parameters  derived,  dextranase  activity,  and  tissue 
distribution  between  the  two  groups  was  by  Student's  t- 
test  (32)  .  Analysis  of  variance  was  used  to  analyze 
liver  membrane  binding  and  liver  uptake  of  dextran  with 
time  as  the  independent  variable  (32) . 


RESULTS 

Dextran  Concentrations  and  Clearance 

In  the  present  study,  rabbits  were  weight  matched 
so  that  similar  amounts  of  dextran  as  HSD  were 
administered  to  both  the  euvolemic  control  and 
hemorrhaged  groups.  Nevertheless,  maximum  serum 
dextran  concentrations  were  29%  higher  in  hemorrhaged 
rabbits  than  in  controls  (Table  I) .  In  both  groups  of 
rabbits,  serum  dextran  concentrations  were  generally 
undetectable  after  48  to  72  h. 
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In  both  the  euvolemic  and  hemorrhaged  rabbits, 
dextran  concentrations  in  serum  were  highest  at  the 
initial  sampling  time  and  disappeared  from  serum  at  a 
rate  corresponding  to  a  half-life  of  7.4  h  (Fig.  1, 
Table  I) .  Clearance  rates  of  the  radiolabeled  Dextran- 
70  paralleled  the  disappearance  of  dextran  in  HSD  (data 
not  shown).  As  shown  in  Fig.  2,  14C-Dextran-70 
contained  lower  molecular  weight  components  than  the 
Dextran-70  in  HSD.  Therefore,  only  the  HSD  data  are 
presented.  Further  evaluation  indicated  that  dextran 
was  not  associated  with  serum  proteins.  In  addition, 
the  apparent  volume  of  distribution  (Vd)  calculated 
suggested  that  dextran  was  distributed  throughout  the 
blood  volume,  and  the  observed  differences  in  Vd 
between  the  hemorrhaged  and  control  rabbits  reflected 
differences  in  blood  volume  due  to  hemorrhage  (Table 
I)  • 


Gel  filtration  chromatography  was  employed  to 
detect  changes  in  the  molecular  weight  distribution  of 
the  administered  dextran  for  up  to  6  h  after  infusion. 
At  each  time  point  assayed,  no  differences  in  molecular 
weight  distribution  were  observed  in  serum  between 
hemorrhaged  or  euvolemic  rabbits.  In  comparison  to  the 
native  14C-Dextran-70  infused,  the  molecular  weight 
profile  of  14C-dextran  at  6  h  post  infusion,  showed  a 
decrease  in  low  molecular  components  (Fig.  2) . 

Tissue  Distribution 

At  the  end  of  the  96  h  experimental  period, 
concentrations  of  14C-Dextran-70  were  determined  in 
liver,  kidney,  spleen  and  lung  from  both  groups  of 
rabbits.  As  shown  in  Fig.  3,  concentrations  of  labeled 
dextran,  expressed  as  dpm/g  tissue,  were  similar  in 
lung,  spleen  and  kidney,  whereas  they  were  about  20- 
fold  higher  in  liver.  In  liver  these  concentrations  of 
dextran  were  approximately  39  ng/g  or  <  1%  of  the 
infused  dose.  Again  no  significant  differences  were 
observed  between  the  2  groups  of  rabbits  (Fig.  3) . 

Since  14C-dextran  concentrations  were  markedly 
higher  in  liver,  other  experiments  examined  the  binding 
of  dextran  to  liver  as  well  as  its  uptake.  14C- 
Dextran-70  bound  rapidly  to  crude  liver  membrane 
preparations,  but  the  degree  of  binding  at  each  time 
point  was  not  higher  than  the  background  bound-to-free 
ratio  (B/F)  (Table  II) .  In  addition,  the  binding  could 
not  be  displaced  by  over  100-fold  excess  cold  Dextran- 
70,  further  suggesting  that  the  binding  was  non¬ 
specific  in  nature.  Studies  of  14C-Dextran-70  uptake 
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into  liver  observed  that  the  highest  radioactivity  was 
found  in  the  cytosolic  fraction  and  was  not  associated 
with  protein  or  membrane  structures  (Table  II) .  In 
addition,  in  vitro  uptake  did  not  increase 
significantly  over  time.  Evaluation  of  the  molecular 
weight  distribution  of  14C-Dextran-70  in  liver  96  h 
after  Dextran-70  infusion  indicated  that  the  peak 
molecular  weight  was  around  40,000,  suggesting  some 
degree  of  metabolism. 

Dextranase  Activity 

Additional  experiments  determined  the  dextranase 
activity  in  liver  and  the  other  tissues  assayed.  The 
highest  dextranase  specific  activity,  expressed  as 
mU/mg  protein,  was  found  in  liver  and  kidney  (Fig.  4) . 
Of  the  tissues  assayed,  the  lowest  activity  was  found 
in  lung.  Dextranase  activity  in  liver  and  spleen  from 
hemorrhaged  rabbits  was  about  25%  higher  than  in  tissue 
from  control  rabbits,  but  the  differences  were  not 
statistically  significant  (Fig.  4) .  In  contrast,  lung 
dextranase  activity  was  19%  lower  in  hemorrhaged 
rabbits  than  in  controls  (Fig.  4) . 


DISCUSSION 

Recent  years  have  seen  renewed  interest  in  the  use 
of  hypertonic  solutions  to  treat  hemorrhagic  shock.  In 
dogs  (34)  and  sheep  (35),  hypertonic  (7.5%)  NaCl 
improved  cardiovascular  function  following  hemorrhage, 
presumably  by  inducing  a  shift  of  intracellular  fluid 
to  the  vascular  compartment  (36),  although  neural 
mechanisms  may  also  be  involved  (37) .  This  hemodynamic 
effect  of  7.5%  saline  was  only  transient,  and  Smith,  et 
al.  (38)  demonstrated  that  this  effect  could  be 
sustained  longer  by  adding  dextran  to  the  hypertonic 
saline  solution.  Subsequent  studies  in  experimental 
animals  have  shown  that  small  volume  infusion  of  a 
hypertonic  saline/dextran  (HSD)  solution  was  effective 
in  restoring  cardiovascular  and  renal  function,  and 
tissue  blood  flow,  thereby  improving  survival  following 
potentially  lethal  hemorrhage  (36,39,40).  In  human 
field  trials,  HSD  has  also  been  reported  to  improve 
survival  of  trauma  victims  (24).  Currently,  HSD  is 
being  evaluated  in  clinical  trials  at  4  ml/kg  body 
weight;  a  lower  dose  than  that  employed  for  either 
Dextran  40  or  70  in  physiological  saline  (13,41). 

Few  studies  have  examined  dextran  metabolism 
following  administration  of  HSD,  and  particularly  in 


Dubick  et  al. 


7 


the  hypovolemic  state.  In  the  present  study,  dextran 
concentrations  in  serum  peaked  early  and  were 
significantly  higher  in  the  hemorrhaged  rabbits  in 
comparison  to  the  euvolemic  control.  These  results  are 
consistent  with  our  previous  observations  following 
administration  of  HSD  at  a  dose  of  4  ml/kg  to 
hemorrhaged  and  euvolemic  swine  (40) ,  and  probably 
reflect  differences  in  blood  volume  due  to  the 
hemorrhage.  In  addition,  we  observed  the  typical  shift 
to  higher  molecular  weight  dextran  components  in  serum 
over  a  6  h  period,  consistent  with  previous  reports 
that  low  molecular  weight  components  are  rapidly 
excreted  by  the  kidney  (7) .  This  observation  also 
suggests  that  the  circulating  dextran  is  not  altered 
during  this  time  period  and  agrees  with  reports  that 
dextranases  do  not  exist  in  serum  (24)  .  Thus,  it 
appears  that,  at  least  in  the  6  h  period  monitored, 
serum  anthrone-reactive  material  represents  the  native 
Dextran-70  infused,  and  not  metabolites  of  Dextran-70. 

Despite  the  difference  in  serum  concentrations, 
dextran  clearance  rates  from  serum  were  not 
significantly  different  between  control  and 
resuscitated  hemorrhaged  rabbits.  The  best  fit  of  a 
graph  depicting  the  change  in  serum  dextran 
concentrations  over  time  was  described  by  a  1- 
compartment  model  and  is  consistent  with  the 
observation  that  dextrans  distribute  rapidly  following 
i.v.  administration  (16,21).  These  data  indicated  that 
the  serum  t1/2  of  Dextran-70,  administered  as  HSD,  was 
7.4  h  and  is  consistent  with  previous  reports  in  young 
children  (4) ;  but  lower  that  the  >12  h  reported  in 
normal  adults  following  infusion  of  dextrans  with 
molecular  weights  of  55,000  to  69,000  (7).  It  should 
be  noted  that  this  dextran  preparation  differs  from 
clinical  Dextran-70  and  may  account,  at  least  in  part, 
for  the  differences  in  serum  t1/2  observed. 

As  previously  mentioned,  studies  with  other 
clinical  dextrans  indicate  that  dextrans  are  primarily 
cleared  through  the  kidney  (5,6)  which  reflects  the 
major  route  of  metabolism.  Thus,  if  renal  function  is 
not  impaired  by  an  induced  hypovolemic  state  or 
corrected  following  resuscitation  (40) ,  it  seems 
reasonable  to  assume  that  dextran  clearance  would  be 
similar  in  both  groups  of  rabbits. 

It  should  be  mentioned  that  some  authors  have 
reported  that  dextran  clearance  follows  a  biphasic 
pattern  (10).  In  these  situations  it  appears  that  the 
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first  phase  represents  renal  clearance,  while  the 
second  phase  presumably  denotes  dextran  metabolism  in 
tissues  (10) .  It  is  reported  that  dextran  metabolism 
is  a  slow  process  (16)  and  is  insignificant  with 
respect  to  the  rate  of  renal  clearance.  Therefore,  in 
the  context  of  HSD  as  a  resuscitation  fluid  for  use  in 
the  field  prior  to  transport  to  the  hospital,  this 
second  phase  of  dextran  clearance  can  be  ignored. 

The  results  from  the  present  study  indicated  that 
after  the  96  h  experimental  period,  concentrations  of 
HC-dextran  were  significantly  higher  in  liver  than  in 
kidney,  spleen,  or  lung.  Previous  studies  in 
experimental  animals  reported  that  dextrans  accumulated 
in  liver,  kidney  and  spleen  (17-19) ,  and  that  dextran 
concentrations  in  liver  declined  rapidly  when  plasma 
concentrations  fell  to  undetectable  levels  (17) . 

Swedin  and  Aberg  (20) ,  however,  found  that  18  h  after 
an  i.v.  injection  of  Macrodex  (6%  Dextran-70  in  normal 
saline;  Pharmacia  AB,  Uppsala,  Sweden),  dextran 
concentrations  were  high  in  spleen,  but  low  in  liver 
and  femoral  muscle.  In  rabbits  infused  with  Macrodex, 
dextran  accumulated  in  polymorphonuclear  leukocytes  (1) 
with  maximum  amounts  observed  3-4  h  after  injection;  it 
appeared  that  the  reticuloendothelial  system,  including 
that  of  the  liver  and  spleen,  played  a  major  role  in 
dextran  metabolism  (1,18,19).  In  mice  it  was  also 
shown  that  6-25%  of  uC-dextran  of  unspecified  average 
molecular  weight  was  expired  in  air  as  CO,,  24  h  after 
an  i.v.  injection  (21).  In  addition,  following  an  i.v. 
infusion  of  3H-dextran,  the  greatest  accumulation  was 
found  in  liver,  spleen,  kidney,  and  the 
gastrointestinal  tract  after  30  min,  while  after  24  h, 
most  of  the  labeled  dextran  was  in  liver  (19) .  Thus, 
results  from  the  present  study  are  consistent  with 
previous  observations  on  dextran  accumulation  in 
tissues.  Although  some  storage  of  dextran  in  tissues 
has  been  observed  by  us  and  others,  it  does  not  appear 
to  be  associated  with  any  toxic  effects  (16,42) . 

Gray  (22)  reported  that  the  half-life  of  the  UC 
carbon  of  an  unspecified  sized  dextran  was  6.1  days  in 
mice  after  an  i.v.  infusion,  suggesting  that  dextran 
can  be  metabolized  by  mammals,  and  its  components 
reutilized  by  incorporation  into  the  body's  carbon 
pool.  In  the  present  study,  dextranase  activity  was 
detected  in  all  tissues  assayed,  with  the  highest 
activity,  expressed  as  mU/mg  protein,  in  liver, 
followed  by  kidney,  spleen  and  lung.  Although 
dextranase  activity  in  lung  from  hemorrhaged  rabbits 
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was  significantly  lower  than  in  euvolemic  controls, 
overall,  dextranase  activity  did  not  appear  to  be 
significantly  affected  by  hemorrhage.  In  agreement 
with  previous  reports  (43) ,  tissue  dextranase  also  did 
not  appear  to  contribute  significantly  to  the  observed 
rate  of  dextran  clearance  from  serum.  Thus,  the  data 
from  the  present  study  indicate  that  Dextran-70 
infusion  as  HSD  does  not  bind  to  proteins  nor 
significantly  accumulate  in  tissues.  In  addition  it 
can  be  metabolized  by  tissues  and  in  the  hypovolemic 
state  has  a  serum  t1/2  suitable  for  its  use  as  a  pre¬ 
emergency  room  volume  expander. 


Acknowledgement 

The  authors  thank  Dr.  Virginia  Gildengoren  for  the 
statistical  analyses,  SGT  Juergen  Pfeiffer  and  Dan 
Brooks  for  excellent  technical  assistance  and  Mrs. 
Theresa  Wilson  for  preparation  of  the  manuscript. 


I 


10  —  Dubick  et  al. 


REFERENCES 

1.  Persson  BH.  Histochemical  studies  on  the  fate  of 
parenterally  administered  dextran  in  rabbits  2. 

On  the  accumulation  of  dextran  within  the  kidney, 
liver,  leucocytes  and  reticulo-endothelial  system. 
Acta  Societ  Med  Upsal  1952;57:421-437. 

2.  Vickery  AL.  The  fate  of  dextran  in  tissues  of  the 
acutely  wounded:  A  study  of  the  histologic 
localization  of  dextran  in  tissues  of  Korean 
battle  casualties.  Am  J  Pathol  1956;32:161-178. 

3.  Friberg  U,  Graf  W,  Aberg  B.  On  the  histochemistry 
of  partly  hydrolysed,  bacterial  dextran.  Scand  J 
Clin  Lab  Invest  1951;3:221-227. 

4.  Arturson  G,  Granath  K,  Grotte  G.  Intravascular 
persistence  and  renal  clearance  of  dextran  of 
different  molecular  sizes  in  normal  children. 

Arch  Dis  Child  1966;41:168-171. 

5.  Arturson  G,  Wallenius  G.  The  renal  clearance  of 
dextran  of  different  molecular  sizes  in  normal 
humans.  Scand  J  Clin  Lab  Invest  1964;1:81-86. 

6.  Arturson  G,  Granath  K,  Thoren  L,  Wallenius  G.  The 
renal  excretion  of  low  molecular  weight  dextran. 
Acta  Chir  Scand  1964;127:543-551. 

7.  Arturson  G,  Wallenius  G.  The  intravascular 
persistence  of  dextran  of  different  molecular 
sizes  in  normal  humans.  Scand  0  Clin  Lab  Invest 
1964;1:76-80. 

8.  Howard  JM,  Teng  CT,  Loeffler  RK.  Studies  of 
dextrans  of  various  molecular  sizes.  Ann  Surg 
1956;143:369-372. 

9.  Leypoldt  JK,  Frigon  RP,  DeVore  KW,  Henderson  LW. 

A  rapid  renal  clearance  methodology  for  dextran. 
Kidney  Internat  1987;31:855-860. 

10.  Emmrich  P,  Baumann  W,  Stechele  U.  Studies  on  the 
kinetics  and  renal  excretion  of  low  and  high 
molecular  weight  dextrans  in  preterm  babies, 
newborns  and  young  infants.  Europ  J  Pediat 
1977:125:181-190. 


Dubick  et  al. 


11 


11.  Harrison  JH.  Dextran  as  a  plasma  substitute  with 
plasma  volume  and  excretion  studies  on  control 
patients.  Ann  Surg  1954;139:137-142. 

12.  Draxler  V,  Wagner  H,  Zekert  F,  Sporn  P,  Watzek  C, 
Steinbereithner  K.  Studies  on  a  modified  dextran- 
Ringer's  lactate  mixture  in  intensive  care 
patients.  Europ  J  Intensive  Care  Med  1975;1: 
43-47. 

13.  Thoren  L.  The  dextrans-Clinical  data.  Develop 
Biol  Standard  1980;48:157-167. 

14.  Hammarsten  JF,  Heller  BI,  Ebert  RV.  The  effects 
of  dextran  in  normovolemic  and  oligemic  subjects. 

J  Clin  Invest  1953;32:340-344. 

15.  Holcroft  JW,  Vassar  MJ,  Perry  CA,  Gannaway  WL, 
Kramer  GC.  Perspectives  on  clinical  trials  for 
hypertonic  saline/dextran  solutions  for  the 
treatment  of  traumatic  shock.  Braz  J  Med  Biol  Res 
1989;22:291-293. 

16.  Gruber  UF.  Blood  Replacement.  Berlin:  Springer- 
Verlag,  1969. 

17.  Hint  H.  Relationships  between  the  chemical  and 
physicochemical  properties  of  dextran  and  its 
pharmacological  effects.  In:  Derrick  JR,  Guest  MM 
ed:  Dextrans.  Current  Concepts  of  Basic  Actions 
and  Clinical  Applications.  Springfield,  IL: 

Charles  C  Thomas,  1971; 3-26. 

18.  Lindner  J.  Morphology.  Bibl  Haemat  1971; 37: 
279-298. 

19.  Hanngren  A,  Hansson  E,  Ullberg  S,  Aberg  B.  Fate 
of  injected  dextran  labelled  with  tritium  in  mice. 
Nature  1959;184:373-374. 

20.  Swedin  B,  Aberg  B.  On  dextran  in  spleen,  liver 
and  muscle  after  intravenous  injection  into 
rabbits.  Scand  J  Clin  Lab  Invest  1952;4:68-70. 

21.  Cargill  WH,  Bruner  HD.  Metabolism  of  C14-labeled 
dextran  in  the  mouse.  J  Pharmacol  Exp  Ther 
1951; 103: 339. 


12  —  Dubick  et  al. 


22.  Gray  I.  Metabolism  of  plasma  expanders  studied 
with  carbon-14-labeled  dextran.  Am  J  Physiol 
1953;174:462-466. 

23.  Preobrazhenskaya  ME,  Minakova  AL,  Rosenfeld  EL. 
Studies  of  the  dextranase  activity  of  pig  spleen 
and  alpha-D-glucosidase.  Carbohydr  Res 
1974;38:267-277. 

24.  Rosenfeld  EL,  Lukomskaya  IS.  The  splitting  of 
dextran  and  isomaltose  by  animal  tissues.  Clin 
Chim  Acta  1957;2:105-114. 

25.  Ammon  R.  The  occurrence  of  dextranase  in  human 
tissue.  Enzymologia  1963;25:245-251. 

26.  Roe  JH.  The  determination  of  dextran  in  blood  and 
urine  with  anthrone  reagent.  J  Biol  Chem 
1954;208:889-896. 

27.  Weet  JF,  Cobb  CA,  Lebrie  SJ.  A  semiautomated 
micromethod  for  dextran  in  the  presence  of 
glucose.  J  Lab  Clin  Med  1976;87:898-902. 

28.  Kramer  GC,  English  TP,  Gunther  RA,  Holcroft  JW. 
Physiological  mechanisms  of  fluid  resuscitation 
with  hyperosmotic/hyperoncotic  solutions.  In: 
Passmore  JC,  Reichard  SM,  Reynolds  DG,  Traber  DL 
ed.:  Perspectives  in  Shock  Research:  Metabolism, 
Immunology,  Mediators  and  Models.  New  York:  Alan 
R.  Liss,  Inc.,  1989 ; 311-320 . 

29.  Nilsson  G,  Nilsson  K.  Molecular  weight 
distribution  determination  of  clinical  dextran  by 
gel  permeation  chromatography.  J  Chromatog 
1974;101:137-153. 

30.  Dangott  U ,  Puett  D,  Melner  MH.  Characterization 
of  protein  tyrosine  kinase  activity  in  murine 
Leydig  tumor  cells.  Biochim  Biophys  Acta 
1986;886:187-194. 

31.  Bradford  MA.  A  rapid  and  sensitive  method  for 
determination  of  microgram  quantities  of  protein 
utilizing  the  principle  of  protein  dye  binding. 
Anal  Biochem  1976;72:248-254. 


Dubick  et  al. 


13 


32.  Remington  RD,  Schork  MA.  Statistics  with 
Applications  to  the  Biological  and  Health 
Sciences,  Englewood  Cliffs:  Prentice  Hall,  Inc., 
1970. 

33.  Ralston  ML,  Jennrich  RI,  Sampson  PF,  Uno  FK. 
Fitting  pharmacokinetic  models  with  BMDPAR .  BMDP 
Technical  Report  No.  58,  Berkeley.  University  of 
California  Press,  1979. 

34.  Velasco  IT,  Pontieri  V,  Rocha  e  Silva  M  Jr,  Lopes 
OU.  Hyperosmotic  NaCl  and  severe  hemorrhagic 
shock.  Am  J  Physiol  1980;239:H664-H673. 

35.  Nakayama  S,  Sibley  L,  Gunther  RA,  Holcroft  JW, 
Kramer  GC.  Small  volume  resuscitation  with 
hypertonic  saline  (2400  mOsm/liter)  during 
hemorrhagic  shock.  Circ  Shock  1984;13:149-159. 

36.  Maningas  PA,  Bellamy  RF.  Hypertonic  sodium 
chloride  solutions  for  the  prehospital  management 
of  traumatic  hemorrhagic  shock:  A  possible 
improvement  in  the  standard  of  care?  Ann  Emerg 
Med  1986;15:1411-1414. 

37.  Lopes  OU,  Pontieri  V,  Rocha  e  Silva  M  Jr,  Velasco 
IT.  Hyperosmotic  NaCl  and  severe  hemorrhagic 
shock:  Role  of  the  innervated  lung.  Am  J  Physiol 
1981 ; 10 : H883-H890 . 

38.  Smith  GJ,  Kramer  GC,  Perron  P,  Nakayama  S,  Gunther 
RA,  Holcroft  JW.  A  comparison  of  several 
hypertonic  solutions  for  resuscitation  of  bled 
sheep.  J  Surg  Res  1985;39:517-528. 

39.  Wade  CE,  Hannon  JP,  Bossone  CA,  et  al.  Resusci¬ 
tation  of  conscious  pigs  following  hemorrhage: 
Comparative  efficacy  of  small  volume  resuscita¬ 
tion  with  normal  saline,  7.5%  NaCl,  6%  Dextran-70, 
and  7.5%  NaCl  in  6%  Dextran-70.  Circ  Shock  (In 
press) . 

40.  Dubick  MA,  Summary  JJ,  Ryan  BA,  Wade  CE.  Dextran 
concentrations  in  plasma  and  urine  following 
administration  of  6%  Dextran-70/7.5%  NaCl  to 
hemorrhaged  and  euvolemic  conscious  swine.  Circ 
Shock  (In  press) . 

41.  Atik  M.  Dextran  40  and  Dextran  70.  A  review.  Arch 
Surg  1967;94:664-672. 


14 


—  Dubick  et  al. 


42.  Rheinhold  JG,  Von  Frijtag  Drabbe  CAJ,  Newton  M, 
Thomas  J.  Effects  of  dextran  and 
polyvinylpyrrolidone  administration  on  liver 
function  in  man.  Arch  Surg  (AMA)  1952;65:706-713. 

43.  Halmagyi  M.  The  dwell  time  of  colloidal-osmotic 
infusions.  Beitr  Infusionsther  Klin  Ernaehr 
1979;2:51-68. 


Dubick  et  al. 


15 


TABLE  I 

Effect  of  HSD  Administration  on  Peak  Dextran  Concentrations 
and  Half-Life  in  Serum  and  Apparent  Volume  of  Distribution 
in  Euvolemic  and  Hemorrhaged  Rabbits1 


Euvolemic 


Hemorrhaged 


Dextran  Concentration 
(mg/dl) 


504+36(8) 


639+25* (10) 


Half-Life  7 . 3  6+0 .49(8)  7 . 36±0 . 32 ( 10) 

(hours) 


Volume  Distribution  140.9+8.3(8)  116.5+6.7* (10) 

(ml) 

’Data  expressed  as  mean  +  SE  (n) . 

*P<0.05  from  euvolemic  control 
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TABLE  II 


Binding  of  uC-Dextran-70  to  Rabbit  Liver  Membranes1 


Time  After  Addition  of  14C-Dextran-70  (min) 

0  5  10  15  30 


Binding  3.71+0.59  2.85+0.75  3.60+0.70  1.75+0.32  6.02+1.34 

(n=4) 

(Bound/ Free/ 
mg  protein)  X10'4 


Uptake  of  uC-Dextran-70  in  Rabbit  Liver1 


Time  After  Addition 

of  uC-Dextran-70 

(min} 

0  15 

30  60 

90 

Fraction 

Whole  Homo¬ 
genate  ( n=4 ) 
(dpm/mg  prot) 

124+33 

134+44 

93+10 

245+15 

233+41 

10,000  xg 
supernatant  ( n=4 ) 
(dpm/mg  prot) 

120+27 

129±24 

108+14 

281+33 

267+64 

pellet  (n=4) 
(dpm/mg  prot) 

36+5 

50+5 

39+4 

96+10 

96+7 

Data  expressed  as  mean  +  SE  of  quadruplicate 
determinations  in  duplicate  experiments. 
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Figure  Legend 


TIME  (hr, 

Figure  Is  Dextran  clearance  from  serum  of  euvolemic  (solid  line) 
and  hemorrhaged  rabbits  (dashed  line) .  Data  represent 
mean  +  SE  of  8  euvolemic  and  10  hemorrhaged  rabbits. 
The  SE  are  contained  within  the  size  of  the  symbols. 
Other  details  of  the  parameters  that  define  the  line 
are  presented  in  the  methods  section. 
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FRACTION  NUMBER 


Figure  2:  Molecular  weight  distribution  of  uC-Dextran-70  in 

serum  from  euvolemic  and  hemorrhaged  rabbits.  Profiles 
at  6h  post  infusion  are  compared  with  initial  profiles 
of  the  native  uC-Dextran-70. 
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Figure  3:  Tissue  distribution  of  uC-dextran  in  euvolemic  (n=5) 
and  hemorrhaged  (n=7)  rabbits  after  96h  experimental 
Data  expressed  as  mean  +SE  of  DPM/g  tissue, 
open  bar;  hemorrhaged,  hatched  bar. 
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Figure  4:  Tissue  dextranase  activity  in  euvolemic  (n=7)  and 
hemorrhaged  (n=8)  rabbits  after  96h  experimental 
period.  Data  expressed  as  mean  +  SE  of  mU/mg  protein. 
Euvolemic,  open  bar;  hemorrhaged,  hatched  bar. 

*  P<0.05  from  euvolemic  control 
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